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. 
ABSTRACT 

The requirements  of this contract were  detailed in the In te r im Summary 
Report  which reviewed al l  the work f rom September 24, 1965 tc Sept.e,mbcr 
30, 1967. 
through December 1967. 

The present  repor t  covers work during the period October 

Impact specifications have been changed to requi re  survival  of shock a t  
2800 t 200 "g" from a velocity of 115 + 3 f t .  / s ec .  In addition, new heat 
s ter i l izable  battery capabilities have been required and can  be srmirriar- 
ized a s  follows. 

- - 

1,  a. 5 AH, 120 WH, 2800 -k 200 "g" f r o m  115 t 2 f t .  /set. 
4 cycles thereaf te r .  

4 cycles thereaf te r .  

- - 

b o  25 AH, 600 WH, 2800 -k 200 "g" f rom 115 + 2 f t / s e c . ,  - - 

2. 1200 WH, non-impact, 400 cycles of 50% depth. 

3. 2000 WH, 200 "g" impact, 4 cycles thereaf te r .  

Studies during the l a s t  quar te r  of 1967 have revealed the following facts.  
A prolonged low cu r ren t  pre-formation charge virtually eliminates the 
p r e s s u r e  build-up previously encountered during formation. A par t ia l  
d i scharge  followed by recharge at the end of normal  charge inc reases  
capacity 1.570~ This technique, however, is not sufficient to overcome 
capacity losses  which follow qterilization of sealed ce l l s  and which run 
between 20 and 60%. 
re inforcement  have survived LOO0 t o  2400 'lg" shocks but show a 3 0 %  loss  
in capacity thereaf ter ,  however, the loss  is  recovered upon recharging,  

a 
Five amp-hr  ,ealed cel ls  with s i lver  sheet  elc.ct,rodt 

Future  work will be concentrated on determining the cause  of capacity- 
loss following heat steri l ization and on making more  strongly reinforced 
plates .  

- 1 -  
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ELECTROCHEMISTRY 

I. INTRODUCTION 

The requirements  for a high energy density cell  - ei ther  s i lver-zinc or  
s i lver -cadmium - which could be heat s ter i l ized in  the sealed but unformed 
condition, formed, impacted as  in a hard planetary landing, and function 
thereaf ter  through four discharge-charge cycles have been discussed in 
previous repor t s  on Contract 951296. 
Quar te r  of 1967, deals  mainly with total  ce l l  performance and with the 
problem of grid reinforcement.. 

The present  repor t ,  for the Fourth 

11. OPTIMIZATION STUDIES 

Since the l a s t  repor t  severa l  cel l  pa rame te r s  have been under consideration. 
Among the m o r e  significant ones were electrolyte  concentration, pack tight- 
nes s ,  percent  of Compound 323-43 in the zinc electrode,  and charging 
reg imes .  
bles in the f o r m  of complete cells and bat ter ies  a r e  reported in this section. 

Details of individual variables a s  well a s  combinations of va r i a -  

A .  Effect of Electrolyte,  Compound 323-43, and Pack  Tightness on 
Cell Per formance  

Cumulative capacityand p res su re  data a r e  shown in  Tables I, 11, and 111 for  
ce l l s  s ter i l ized and then sealed.  Variables studied included effects of 
e lectrolyte  concentration, pack tightness, and pe r  cent of Compound 323-43 
in the zinc electrode. 
t ra t ions of e i ther  35% KOH or 41% KOH, both determined before saturat ion 
with ZnO. 
and 110 g m s / p e r  l i t e r  for 4170~ ) Pack tightness var ied f r o m  2 . 1  x to  
2 .6  x 
ce l l s  f r o m  each group of cel ls  of s imi la r  construction were  made into 
ba t te r ies  af ter  severa l  cycles and cycled a s  ba t te r ies .  
c i t ies  for  the ear ly  cycles were  averages.  
Table 111. 

Most of the ce l l s  in the study had electrolyte concen- 

The ZnO concentrations were  seventy-five gms per  l i t e r  for 3570 

inches per  layer  of expanded thickness of the sepa ra to r .  Three  

P r e s s u r e s  and capa- 
These averages a r e  included in 

The important conclusions a r e  presented below. 
(1) ce l l  capacit ies tend to increase during seve ra l  cycles  before reaching 
the i r  maximum, generally a t  the 3rd o r  4th cycle;  ( 2 )  cell  p re s su res  tend 
to  increase  during seve ra l  cycles before leveling off a t  a value where they 
tend to r ema in  o r  dec rease  slightly; (3)  higher capacit ies resu l t  in cel ls  
having the smaller per  cent  of Compound 323-43. F o r  41% KOH electrolyte:  
(1) in the m o r e  loosely packed cells, a dec rease  in capacity resu l t s  between 
the f irst  and second cycle, then tends to increase  during the third o r  fourth 
cycle,  and continues to increase  slowly for s eve ra l  cycles  before approach- 

F o r  3570 KOH electrolyte:  

0 
- 1 -  
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ing thc capacit ies obtained during the f i r s t  cycle; ( 2 )  in the tightly packt:d 
ce l l s ,  capacit ies during the second cycle tend to  be slightly higher than the 
€1-rst, and tend to  remain at approximately this va,lue for the next severa l  
cycles;  (3) p re s su re  increases  during cycling tend to  r ema in  near  the value 
reached a t  the end of formation. Comparing 3570 KOH and 41% KOH electro-  
lytes: (1) for  s imilar  pack tightness, ce l l s  having 3570 KOH tend to yield 
higher capacit ies and have higher load voltages than those having 41v0 KOFI; 
( 2 )  maximum pres su res  tend to  be higher in cel ls  having 3.570 KOH than i n  
those having 4170 KOH; (3) for the two-step discharge,  at ra tes  of 100 ma 
per  sq. in. and 20 ma per  sq. in., higher percentages of total capacit ies 
a r e  obtained a t  the higher discharge r a t e  in cel ls  having 3570 KOH than f q  

those having 41 70 KOH. 

Other observations: (1) higher percentages of the recharge capacity before 
the par t ia l  cycle occurs  in ce l l s  having 3570 XOH than in those having 41T0 
KOH electrolytes;  ( 2 )  silv-er oxide penetration through the separa tor  tends 
to be more  rapid in 3570 KOH cells than in 41% KOH ce l l s .  
be expected, based on diffusion rates and was verified when two ce l l s ,  2 0 3  
and 207 were  dissected af ter  four cycles.  
s i lver  oxide had penetrated to the third layer  of separa tor  removed f rom 
the s i lver  electrode, but in  ce l l  207 having 41 70 KQH, penetration had bt  en 
confined t o  the f i r s t  layer  of separator .  

The la t ter  would 

In cell  203, having 35% KOH, 

To study fur ther  the effect of some of the above variables on ra te  capa- 
bilities of cel ls ,  severa l  cel ls  were discharged a t  300 m a  pe r  sq.  in. a s  
presented in Tables IV A and B. This discharge ra te  was actually abont 
t h ree  t imes a s  grea t  a s  the usual ra te .  
end-of-load voltages of 1. 20. 
capacity effect of electrolyte concentration in the range studied was noted; 
( 2 )  no significant effect of percentage of Compound 3 2 3 - 4 3  resulted; ( 3 )  
best  overall  performance was obtained f r o m  ce l l  229 which contained rir: 

polypropylene absorber  o r  retainer.  

Discharges were  continued to 
The conclusions follow: (1) no significant 

Not adequately explained a t  present is  the reason for  the apparent r i s e  in 
electrolyte level during formation. 
positive electrodes an electrolyte level r i s e  is  expected, and adequate 
explanations have been advanced. In these cel ls  having wrappcd zinc 
electrodes it would not be expected, based on the explanation for  i ts  r i se  
in positive-wrapped cel ls .  The r i se  begins af ter  the cel l  reaches 1.40 
volts during formation a t  the same t ime as  the p r e s s u r e  increase com- 
mences.  Probably, the electrolyte i s  forced out of the negative clectrorlc 
by the gas generated there.  
quent cycles is not known. 

It has  been observed that If, after recharging a cell ,  a par t ia l  a ischargc 
was run (generally,  0 .9  amp  h r . )  was removed a t  1 . 8  amp and this was 
followed by a recharge a t  the formation rate ,  an increase  in capacity 
occurpcd during the subsequent discharge,  and capacity variation among 

In s i lver-zinc ce l l s  having wrapped 

Why it remains  at the high level during s a b s c -  

B. Effect of Charging Regime on Cell Capacity 

- 5 -  
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ce l l s  diminished. 
during the fifth discharge,  and for a l l  ce l l s  during the seventh a s  shown in 
Table V. 
e f fec t  is obvious. 
VI for  cells 191-197 during the third,  fourth, and sixth discharge and the 
capacity increase during the sixth discharge for cel ls  191  and 192 .  
Table VII, the effect was observed during the fifth discharge of cel ls  185 
and 186. 
recent  discharge of cel ls  103, 104, 112, and 113. F o r  cel ls  199-210 (Tables  
IX  A and B) the par t ia l  cycle was run a t  the end of formation and the resu l t s  
were  consistent with that reported above. 
cluded in the cycling regime for  all cel ls  henceforth. 

This effect  i s  noticeable for  ce l l s  187-188-189-190 

Comparing those two discharges with the sixth and eighth, the 
Additional data on this phenomenon a r e  included on Table 

In 

Also in Table VI11 supporting data is  provided during the mos t  

This par t ia l  cycle is being in- 

An unusual phenomenon was observed during the recharge  portion of the 
par t ia l  cycle. 
i s  s imilar ly  discharged s o  that the cell  potential does not decay to the 
argentous oxide-zinc level, and then recharge is s ta r ted ,  the cel l  potential 
a lmost  immediately r i s e s  to a value of 1. 90 volts or higher. 
containing Compound 323-43 a r e  s imi la r ly  t reated,  the charge voltage 
remains  between the values of 1.83 and 1 .89  volts for  s eve ra l  hours and 
for  these cells more  capacity is re turned than had been removed thus 
accounting for the capacity increase.  Apparently, some detr imental  effect 
caused by Compound 323-43 is  overcome by this technique. 
cycle is being included in the cycling reg ime of cel ls  for which optimum 
capacity is desired.  

If a normal  s i lver-zinc ce l l  (not containing Compound 323-43) 

When ce l l s  

This par t ia l  

t C. The Effect of Charging Regime on Cell P r e s s u r e  

To minimize the amount of gas generated during formation, var ious charging 
techniques were used. 
a constant potential float charge was used. It was determined that 1.40 volts 
was about the highest float voltage that could be used without generating gas.  
Cells 199 through 205, l isted in Tables IX A and IX By were  preformed a t  
different voltages and cu r ren t  l imits  to es tabl ish this.  Varying p r e s s u r e s  
resul ted with one being a s  high a s  37.8 in. Hg. Even though the charge 
cu r ren t  decayed to a f rac t ion  of a mil l iampere,  much gas was evolved i f  
the normal  formation charge was s tar ted before a considerable number of 
hours  qn float had elapsed. Also the problems associated with floating a 
bat tery of cells a t  1 .40  volts per  cell  made this technique undesirable.  
Consequently, the change to  constant cu r ren t  was made. 

All of them were  based on a slow initial charge.  F i r s t  

It was empirically determined that a preformation charge ra te  of 0. 55 m a  
pe r  square inch was required for not l e s s  than 24 hours with 28 to 33 hours 
being preferred.  Beginning with cell  206 through cel l  210 in the above 
mentioned tables, a constant cur ren t  mode of charge was used to es tabl ish 
this. The equipment did not maintain a t ru ly  constant cu r ren t  and a t  t imes  
i t  varied a s  much a s  3 ma f r o m  the des i r ed  value. However, cel ls  p re-  
charged at 10 m a  (0 .55  ma / in .2 ) in  excess  of 24 hours  had the lowest 
p r e s s u r e s  after the regular  formation charge.  

- 8 -  
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I D. Replication of Cells with Consistently Low Internal P r e s s u r e  

Knowledge had thus progressed  to  the point where i t  was felt possible to 
construct cells which would consistently have low gas p re s su re .  
s t ruct ional  details for a new group of four ce l l s  to  show the degree of 
reproducibility which could be achieved were  a s  follows: 

Con- 

(1) Five l aye r s  of SWRI-GX separa tor  ( ro l l  83). 

( 2 )  A separa tor  allowance of 0.003" pe r  layer .  

(3) Electrolyte - 4070 KOH nearly saturated with ZnO. 

(4) Negative mix - 770 323-43, 9370 ZnO (no Teflon). 

(5)  No pre-arnalga.mation of the negative s i lver  gr id .  

( 6 )  A 28 hour slow pre-for.mation charge.  

The 7-plate cel ls  were  vacuum filled and soaked in  the flooded condition 
overnight. 
height of the plates.  

The electrolyte level was then adjusted to about 8OY0 of the 

P r i o r  experience led us  to  believe that sealed cel ls  constructed in this 
manner  might s t i l l  have low capacit ies due ei ther  to a P P O  o r  an  epoxy 
effect. 
ing when the organic ma te r i a l  is digested in hot KOH during steri l ization. 
To estimate the extent of these possible effects using the present  cel ls  
which were  made using P P O  cases  and sh ims ,  they were  s ter i l ized at 
135°C for  108 hours  unsealed in  a s ta inless  s tee l  bomb. After sterili- 
zation they were sealed with Bondmaster 639 epoxy, fitted with p r e s s u r e  
gages, and overpotted in l a rge r  cases .  
steri l ization so  that this variable was eliminated. 
and charged using a preformation r a t e  of 0 . 5 5  ma/ in2  and a format ionra te  
of 5. 0 ma/in2. 

Either effect was thought to be due to degradation products resu l t -  

No epoxy was present  during 
The cel ls  were  formed 

Two ce l l s  developed no p r e s s u r e  whatsoever during formation o r  subsequent 
cycling. 
when the automatic equipment failed to  cut  out. 
to  decay by recombination with the zinc electrodes before fur ther  cycling 
was ca r r i ed  out. 

The other two developed oxygen p r e s s u r e  a t  the end of formation 
This p r e s s u r e  was allowed 

No fur ther  p r e s s u r e  developed i n  these cel ls  thereaf te r .  

The f i r s t  two cycles  were  conducted ( see  Table X) s o  that the data obtained 
could be compared with previous data.  
the new partial  discharge which increased ce l l  capacity a s  predicted. 

The third and fourth cycles  included 
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TABLE X 
Capacities of High Per formance  

Cells 

Formation: Preformation of 12 ma for  28 h r s .  
2. 04 v; Discharge at 77 rna/in2 to  1. 20 v 

Charge at 5 ma/ in2 to  

Cell I Cell I1 Cell  I11 Cell I V  
Single Stage Chg. Cap. 6.09 AH 6.48 AH 6.46 AH 6. 55 AH 
Single Stage Dischg. Cap. 4.37 AH 4.15 AH 4.45 A H  4. 65 A H  

Second Cycle: Charge at  7 ma/in” t o  2. 02 v; Dischg. f irst  s tage at 
77 ma/in2 to  1. 20 v, Discharge second s tage at 30. 8 ,ma/in2 

Single Stage Chg. Cap. 4.77 AH 4.57 AH 4.62 AH 4.59 A H  
First Stage Dischg. Cap. 4.62 AH 4.51 AH 4.45 AH 4 . 8 4  AH 
Second Stage Dischg. Cap. 0.36 AH 0.42 AH 0.52 AH 0.44 AFT 
Total Dischg. Cap. 4.98 AH 4.93 AH 4.97 AH 5. 28 AH 

Third Cycle: Charge at 7 ma/in2 to  2.02 volts, par t ia l  discharge t o  
2070 depth at 102 ma/in2, resume charge at 5 .6  ma/ in2 
t o  2. 02  volts. 
at 20 .5  ma/ in2to 1 .20  v 

Dischg. at 102 ma/in2 to 1. 20 volts, then 

First Stage Chg. Cap. 5.13 AH 4.99 AH 5.02 AH 5 .  27 AH 
Second Stage Chg. Cap. 2.10 AH 2.20 AH 2.02 AH 2. 96 AH 

:? Total Chg. Cap. 6.15 AH 6 . 1 1  AH 5.96 AH 6.35 A H  
First Stage Dischg. Cap. 4.82 AH 5.20 AH 4.70 AH 5. 10 AH 
Second Stage Dischg. Cap. 0.76 AH 0.60 AH 0 . 7 8  AH 0.72 AH 

a 
Total Dischg. Cap. 5.58 AH 5.80 AH 5.48  AH 5.82 AH 

Fourth Cycle: Charge at 7 ma!in2 to  2. 02  volts, par t ia l  dischargt- to  
20% depth at 102 ma/in2,  resume: charge at S. 6 ma/irt2 

to 2. 02 volts. Discharge f i rs t  stage at 102 ma/in2 t o  
1.20 volts, discharge second stage at 20. 5 rna/in2 to 
1.20 volts. 

First Stage Chg. Cap. 5.36 AH 5.28 AH 5.08  AH 5. 36 AI3 
Second Stage Chg. Cap. 1 . 6 9  AH 1.88 AH 1 .81  AH 1. XI AIi 

:k Total Chg. Cap. 5.93 AH 6.04 AH 5 . 7 7  AH 6, 0 5  AH 
First  Stage Dischg. Cap. 5.06 AH 5.26 AH 4 . 8 0  AM 5. 16 AH 

Total Dischg. Cap. 5.65 AH 5.96 AH 5.57 AH 5 .  88 AH 
Second Stage Dischg. Cap. 0.59 AH 0.70 AH 0.77 AH 0. 72 AH 

>: Net charge capacity - charge input less 20% par t ia l  discharge.  
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While the capacities of these ce l l s  s ter i l ized in P P O  c a s e s  a r e  good and 
compare well with those of other s ter i l ized cel ls ,  they a r e  down about 20% 
when compared with the capacity of unsteri l ized sealed ce l l s  a s  shown in 
Table XI. 

Also the capacity of ce l l s  s ter i l ized in  nickel containers and sealed i n  poly- 
s tyrene cases with no contact with P P O  o r  epoxy ( s e r i e s  389-40) suffer little 
o r  no capacity loss  due to steri l ization. 
cel ls  which were not in contact with epoxy during s ter i l izat ion must  suffer 
f r o m  a P P O  effect. 

Thus, it is concluded that t hep resen t  

111. EFFECTS O F  ORGANIC CONSTITUENTS ON SILVER-ZINC CELLS 

In o r d e r  to  study separately the effect of each  organic constituent-adhesive, 
c a s e  material ,  and absorber  - a new cel l  has been designed. (It  i s  not easy  
to visualize a sys t em in  which the organic separa tor  is  eliminated unless 
inorganic types become available.)  
consis ts  of a Teflon in se r t  for the nickel bombs we have long used, into 
which the cell pack i s  placed. 
connections for the purpose of charging and discharging the ce l l  without 
removing it f rom the bomb af ter  steri l ization. 
examined are  a s  follows. 

This design a s  shown in  Figure 1, 

The nickel bomb is provided with insulated 

The combinations to  be 

1. Control: Silver and zinc oxide plates,  SWRI-GX separa tor .  

2.  Like 1. , but with cured epoxy chips present .  
3 .  Like 1. , but with P P O  sh ims  present .  
4. Like l . ,  but with EM-476 present .  

No epoxy adhesive, no P P O ,  no EM-476 absorber .  

IV. GRID SUPPORTS 

In o rde r  to  a s s i s t  EMED in uncovering suitable meta ls  to reinforce electrodes 
for  shock resistance,  the Research  Center has undertaken some work in this 
a r ea .  Because of magnetic requirements ,  strength,  chemical  res is tance,  
and electr ical  compatability with the system, the choice of mater ia l s  is 
severe ly  limited. The first th ree  requirements  make zirconium and Inconel 
pr ime candidates. The following discussion concerns the effect of these 
ma te r i a l s  on cel l  capacit ies and gas  p r e s s u r e  during cycling fQllowing s te r i l i -  
zation. 
conducted on the gr ids ,  and finally cel ls  were  constructed using some of 
these mater ia ls .  

As a screening test, overvoltage studies and cor ros ion  tes t s  w e r e  

A. Positive P la te  Grid Supports 

One of the f i r s t  t es t s  was designed to compare  the cu r ren t  flow in  various 
positive electrode-grid configurations while they were  being floated a t  
constant potential. The gr id  configurations used were  a s  follows: 
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FIGURE 1 
T E F L O N  CASE IN NICKEL BOMB 

d/ I t / '  
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--- e’... , 

(1) A s k g l e  expacded silver grid. 

(2)  A sheet z i ~ c o ~ i ~ ~ m  sandwiched between two expagded 
silver grids.  

( 3 )  A sheet cf s:l.rer-plated zircordum sandwiched between 
two exparded s i lver  gr ids .  e 

(4) A sheet of I x o n e i  safidwiched between two expanded 
sil-rer grids.  

( 5 3  A sheet  cf silver-plated h c o ~ e l  sandwiched between two 
expanded s i lver  gr ids .  

Each  of the above csistru:ticns had s i lver  powder p re s sed  into both faces  
and sixtered in place. After  sterilization a t  135°C for 120  hours,  the t e s t  
e lectrodes were wrapped i n  sausage casing separa tors  and placed in  open 
cases  with nickel oxide antipodes. 
saturated with ZnO. The electrodes were charged at constant cur ren t  (35  
ma) for  7’070 of their  theoretical capacity. The charging was then completed 
at a constact potential of 1 .5  vcits. After  the electrodes were  fully charged, 
the float cur ren t  was meas -xed  ar_d sll cur ren ts  were near ly  alike and small 
(about 1 ma per  plate) showing that fio appreciable cur ren t  was producing 
gas. 

The electrolyte was 40% KOH near ly  

The electrodes were weighed before and a f t e r  and, since no change occurred,  
the ccnclusior, of this tes t  was that very l i t t le,  i f  any, plate corrosion took 
place.  

B,  Overvoltage Study of Grid Support Mater ia ls  

Grid s ~ p p o r t  mater ia l s  treated in vario-is ways a s  shown in Tables XI1 and 
XI11 were  ~xilz’i a t  variom c-j.Yrer-ts irr 4070 KOH t c  determine HgO reference 
ever-soltages. 
referelxe electrode at two c;rrrefit setting?. The t e s t  was run  to determine 
which electrcck s q p r t ,  wcAd have the highest o-.rez-potefitial a s  a positive 
and as a cegative electrode. 

These two tables S ~ O W  electrode poteatials versus  a Hg-HgO 

A s  a nega5ve eleztrode amalgamated s i lver  gave the best  resu l t s ,  and 
s i lver  plated Inconel was second best ,  The untreated and oxidized samples 
of zirccnic-m w e c e  best a s  posftive electrcdee.  Those samples which had 
the  highest absolute pctentials would generate the l ea s t  amount of gas  while 
on charge. 

C. Cells with Zircor5Z.m Grid Supports 
.. . 

Four cells were constructed using a s i lver  plated zirconium support plate 
i n  the positive, and an oxidized zi=.cozi.Jm support plate i n  the negative in  
o rde r  to determine the possible effects of these on the Ag-Zn system. Other 
constructional details  for this group of sealed 7-plate ce l l s  a r e a s  follows: 
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Support 
Me tal 

Zirconium 

Z i r c onium 

Zirconium 

Z ir c onium 

Inc one 1 

Inc one 1 

Inc one 1 

Inconel 

Silver 

Silver 

Cadmium 

C a dmi u m  

TABLE XI1 
Overpotentials of Negative Grid Supports 

Support 
Treatment  

none 

oxidiz e d 

s i lver  plated 

s i lver  plated 
and amalga.mated 

none 

previously charged 
one hour 

s i lver  plated 

s i lver  plated 
and amalgamated 

none 

a.malgamated 

none 

amal g ama t e d 

Potential  * 
20 ma 100 ma 

-1.47 v -1.63 v 

-1.46 -1.70 

- 1 . 2 2  -1.40 

-1.29 -1.45 

-1.21 -1.33 

-1.45 -1.60 

-1. 50 -1.76 

- 1 . 2 6  -1.39 

-1.44 

-1 .76  

-1.44 

-1.46 

-1. 58 

-1.87 

-1.61 

-1.64 

* Potential between the support metal and a Hg-HgO re ference  
electrode a t  the two curren t  levels shown. The electrode a r e a  
was 6.55 in2. 
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Support 
Mater ia l  

Zirconium 

Zirconium 

Zirconium 

Zirconium 

Inconel 

Inc one 1 

Inconel 

Silve r 

Si lver  

Cadmium 

Cadmium 

TABLE XI11 
Overpotentials of Posi t ive Grid Supports 

Support 
Treatment 

none 

oxidized 

s i lver  plated 

s i lver  plated 
and amalgamated 

none 

s i lver  plated 

s i lver  plated 
and amalgamated 

none 

a.malg a.mat e d 

none 

amalgamated 

Potential  9 

20 ma 100 ma 

+l.  08 v t1.30 v 

t1 .07  t1.28 

to. 75 to. 91 

t o .  75 t o .  88 

$0.56 to. 61 

4-0.80 to. a7 

t o .  75 t o .  89 

to. 91 4-0.81 

+O. 84 to. 92 

to. 81 +l. 10 

4-0.30 t1.03 

* Potential  between the support metal  and a Hg-HgO reference 
electrode at the two cur ren t  levels  shown. 
was 6.55 i n 2 .  

The electrode a r e a  
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(1) Five layers  of SWRI-CX separa tor .  

(2 )  A separator  allowance of 0.003'' per  layer .  

( 3 )  Electrolyte - 4070 KOH which was then near ly  saturated 
with ZmO. 

(4) Negative mix - 770 323-43, 9370 ZnO, (no Teflon). 

( 5 )  No pre-amalgamation of the negative s i lver  grid.  

Af te r  these cells were  vacuum filled and soaked in the flooded condition 
overnight, 
plates. Sterilization was performed in a la rge  bomb with open P P O  c a s e s  
a t  135°C for 108 hours,  and sealing was accomplished withBondmaster 639 
epoxy af ter  steri l ization. 

the electrolyte level was adjusted to 8Oy0 of the height of the 

The ce l l s  were charged using an initial r a t e  of 12 m a  pe r  ce l l  followed by 
97. 5 ma to 2.02 v. They were  then given a 2070 discharge a t  2A and r e -  
charged a t  110 ma to 2 . 0 2  v. 
and by the fifth discharge the p r e s s u r e  was over 140 psig. 

A l l  four ce l l s  developed p r e s s u r e  (>40 psig) 

The discharges were  ca r r i ed  out in two s tages .  
charged a t  2A to 1.30 V and then a t  0.4A to 1.30 v. The data a r e  shown 
in Table XIV. 
were  obtained f r o m  these cel ls  and it i s  concluded that ce l l  performance 
is somewhat hurt  by the oxidized Zirconium supports.  
hydrogen overvoltage on oxidized zirconium i s  lower than that of amalga-  
mated silver grid,  it is probable that hydrogen was being produced at the 
same  t ime that ZnO was being reduced. 
available for discharge as  would normally be the case .  Since sealed cel ls  
a r e  zinc limiting on discharge,  this explanation would account for  both the 
gas  generated and the capacit ies observed. 

They were  f i r s t  d i s -  

In addition to the high p r e s s u r e s  slightly low capacit ies 

Because the 

Therefore  not as much zinc is 

Previous experiments have shown that oxygen recombines readily in this 
cel l  design. Since these cel ls  maintained their  p r e s s u r e  on stand over-  
night, the gas must  have been hydrogen. 
which contain the same type of si lver-plated zirconium supports in  the 
positives as the cells which developed p r e s s u r e  but with normal  negatives. 
The resul ts  of this experiment should indicate which electrodes were  in- 
volved in gas production and whether s i lver  plated zirconium supports can 
be used in positive electrodes to encourage adhesion of the active s i lver  to 
the gr id  support. 

Cells a r e  now on formation 

V. ABSORBER STUDIES 

The capacity t e s t  fo r  absorbers  (which involves using a l imited amount of 
electrolyte) was performed on a sample of asbes tos  obtained f r o m  Raybestos- 
Manhattan, Inc. This absorber ,  Novabestose 7401, was reported to main- 
ta in  its s t ructure  and be usable a f te r  s ter i l izat ion in KOH a t  135°C. The 

0 

- 26 - 



N 0 Q P - I  
N N N N  

0 0 0 0  
. . . .  

m N N m  
N N N N  

0 0 3 0  
. . . .  

L I 

4 
M 

0 

N 
I 
$4 
N 

r-4 
I 
PI 
N 

N 
I 

$4 

N 

- 2 7  - 



data a s  shown below indicate that this absorber  i s  a s  good a s  but no better 
than the control which was Kendall Mills EM 476. After cycling, the ce l l s  
were  taken apart and the asbestos  absorber  indeed did maintain i t s  
s t ruc ture .  Results of the capacity t e s t  a r e  as follows: 

0.  003" Asbestos 0.005" Asbestos  EM-476  
Cycle 1 2 3 1 2 3 1 2 3 
Capacities (AH) 2 .22  2 .40  2 . 2 2  2 . 3 6  2 . 4 4  2 . 2 8  2. 10  2 . 2 5  2 , 3 4  

For  some time now i t  has been suspected that some of the unusual discharge 
character is t ics  of heat s ter i l izable  Ag-Zn cel ls  a r e  due to the use of Kendall 
Mil ls '  EM-476 polypropylene mater ia l  as  abso rbe r s  or  re ta iners .  
4170 KOH electrolyte is  used in loosely packed cel ls ,  the capacity dec reases  
between the f i rs t  and second cycle and then tends to increase during the 
following cycles. 

When 

This does not happen when 3570 KOH i s  used. 

The dec rease  in ce l l  capacity occurring during the second discharge is  not 
a reflection on the charge input during the f i r s t  recharge  since this i s  near ly  
always greater  in amp-hr s  than the f i r s t  discharge.  A possible explanation 
i s  that  during the recharge,  considerable zinc meta l  is deposited within the 
f ibers  and /o r  outside of the polypropylene re ta iner .  During the subsequent 
discharge this metal  is unavailable for discharge because of loss  of e lec t r i -  
cal  contact with the major  portion of the active mater ia l .  
metal  s o  deposited might be expected to be l e s s  in the lower electrolyte 
concentration, and in the m o r e  tightly packed cel ls ,  since in the la t te r ,  
the polypropylene re ta iner  f ibers  would themselves  be m o r e  tightly com- 
pacted. 
electrode retainers .  Only one cel l  has been constructed,  in this manner ,  
and tested,  No. 229 (Table IV B).  The drop  in capacity during the second 
discharge did not occur. Electrolyte concentration was 41 70 KOH, pack 
tightness value 2. 5 x l o m 3  in. per  layer  of separa tor ,  and 370 Compound 
323-43. 
electrode. 
of formation. 
discharge was employed. 
gated fur ther  during the next quar te r .  

The amount of 

To study this,  i t  was decided to use separa tor  mater ia l  a s  zinc 

No  polypropylene absorber  was included around the s i lver  
Electrolyte level was a t  the top of the electrodes a t  the end 

Cell capacity was improved especially when a high ra te  
This method of ce l l  construction will be investi- 

VI. MIXING O F  ACTIVE - MATERIALS 

For  some time the question of the degree of mixing of the zinc oxideelectrode 
mater ia l s  has been raised.  Our work with e a r l i e r  e lectrodes indicated con- 
siderable variations a s  f a r  a s  overvoltages were  concerned, and although a 
quantitative correspondence was not achieved the re  were  some indications 
that the amount of gas formed in gassing tubes could be cor re la ted  with the 
amount of protection indicated by the Tafel  plots. Recently we began using 
a new batch of negative mix but it proved to  be non-homogeneous to the 
naked eye and light microscopy. 
were  scrapped since we believe that this is a potential cause of gassing. 

The finished electrodes f r o m  this batch 

- 28 - 



However, before the non-homogeneous sample was obtained some experi-  
ments  were  s tar ted to determine if the t ime of mixing was important.  The 
ma te r i a l s  used were  7770 Compound 323-43 and 93% ZnO, all of which had 
passed 325 mesh  as received. They were  mixed fo r  1, 2, 4, 8, 30 and 
180 minutes in a 4 qt. P K  blender with an  intensifier bar  which had a 
speed of about 1900 rpm. Samples 
taken a t  the end of each mixing period were  given to the CryFtallography 
Section for  visual abservation. 
appeared to be well mixed with no distinguishable differences f r o m  portion 
to  portion. 
length of t ime and anything longer was superfluous. 

The shell  speed was about 24 rpm.  

Their repor t  stated that all samples  

It was a l so  pointed out that 30 min. of mixing was the best 

Table XV shows the resul ts  from overvoltage study. 

One would expect the same set  of numbers f r o m  electrodes that offer the 
s a m e  overvoltage protection. Although most  of these values a r e  about in 
the same range it is c lear  that good mixing was not achieved. 
example, one pair  of samples taken a f t e r  four minutes of mixing, 4 and 
4 '  and another pair ,  8 and 8 '  taken af ter  eight minutes gave Hg-HgO 
reference voltages over the current  range of 10 to 100 ma of 1.50-1.76v, 
1.49-1.53v, and 1.64-1.78v, 1 4 8 - 1 . 5 2 ~  respectively.  It is interesting 
to  note that af ter  1 minute mixing the range was 1. 52-1.78 v which was 
about the same  a s  any other longer mixing t imes.  

For 

The resu l t s  imply that visual methods or  microscopy a r e  not sufficiently 
sensit ive to judge good mixing for this application and that the overvoltage 
method shows promise  and requires  m o r e  work. 
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FABRICATION AND TESTING O F  CELLS 

I. FABRICATION AND TESTING O F  25 AH CELLS 

A. Objectives and Summary of Work to Date 

Design goals for  this task were  the development and t e s t  of non-magnetic 
25-50 AH sealed Ag-ZnO (or  Ag-CdO) ce l l s  capable of wet heat s ter i l izat ion 
a t  135°C for 120  hours,  charge,  pre-flight tes t ,  8 month charged life (on 
f loat  o r  charged stand) during a space flight, a planet landing impact of 
2800 - 3- 200 g f r o m  113 - t 2 f t .  per  second in any axis, and 4-cycles af ter  
landing. 

Previous work has  developed through five generations of sealed cel ls ,  each 
having design s t r e s s  analysis,  process development for the new heat  s te r i l i -  
zable mater ia l s ,  cel l  manufacture, and shock t e s t s  a t  J P L .  Conclusions to  
date a re :  

- Pla te  active mater ia ls  a r e  not capable of supporting their  
own weight, even when fully charged, during impact  in the 
t y and + x axis. - I 

Damage of positive active mater ia l  increases  with in- 
creasing plate thickness and becomes acute in thick plates 
desirable  f o r  high operating energy density. 

P la tes  must  be heavily reinforced with central  co res  with 
high tensile strength and stiffness factors .  Metals,  not 
plastics,  mus t  b e  used. 

Thick wail P P O  531-801 cell jars can be sealed with epoxy 
by a mass ive  cover assembly,  designed to lock i n  place all 
plate co re  s t ructures ,  and survive 2, 000-2 ,400  "g" impact 
in  5 AH s i z e  cells. 

- S t r e s s  analyses ca:? predict  failure modes provided 
assumptions are  c o r r e c t  and mater ia l  strengths are  not 
degraded beyond expectations by heat steri l ization. 

B. P la te  Support Structures 

Per t inent  physical properties of metals considered for  central  plate co res  
a r e  summar ized  in Table XVX. 
eliminated for use in the 25 A H  ce l l .  
zirconium gas by reaction with ce l l  electrolyte a t  135°C. 

Of these metals  a l l  but Inconel 600 have been 
Nickel i s  magnetic. Titanium and 

Copper and Be Cu 

- 31 - 
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contaminate cell  with cupz-c- i o n  dcr-ng heat steri l ization. 
do not have high enough stiffness factor.  
cel l  designs where the negative piaze will  be reinforced with Ag plated 
Inconel co res  and f ramed with PPO. 
to the f r ame  O F  wrapped aroufid it. 
welded and sintered to a Ag plated Il-conel core .  
slots machined or  molded into t h e  j a r  r m e r  walls. 
design i s  the 3 /4  f r a m e  cel l  desig-n, s l c ~  Model 365, 

The s i lver  meta ls  
P resen t  development i s  directed a t  

The JPL membrane may be cemented 

Both plates will sl ide into 
Positeve active ma te r i a l  will be spot- 

0 

The most  advanced 

C .  High ImDact-Heat SteaaHizable 25 AH 3 / 4  F ramed  Cell Design 

Two feasibility t e s t  cells  a r e  in p-oduation. 
Ag plated over a very thin nickel f lash will be the s t ruc ture  for  each plate. 
The feasibility cel ls  will  be a 3 plate v e ~ s i o n :  
two outer half positives. 
and a c r o s s  the bottom with P F O  frames cemented to the Inconel c o r e  and 
then to  the inner jar wall. 
ent i re  f r ame  to wall bond a s  well a s  the s t ru t s  epoxied into walls in the cel l  
cover .  

Ten mil thick Inconel 600 sheet  

one full inner  negative and 
Each  plate will be 3 / 4  framed-down each side edge 

Impact fo rces  will  thus be distributed along the 

Negatives will have 5 l aye r s  of SWRI-GX membrane ( i r radiated polyethylene) 
cemented to the P P O  f r ame  as  the sale negative active ma te r i a l  re ta iner  and 
ce l l  separator  system. This epoxy bond will be crucial  to  design success .  
Dow epoxy DEN438-EK85/DMP-30 was used to cement successively 5 L of 
membrane  to P P O  531-801 frames.  
s ter i l ized submerged in cel l  electFclyte for 120 hours a t  135°C. Sections 
of the f r ame  were  then given pull t es t s .  The membrane  to f r ame  bond failed 
a t  the membrane-epoxy interface at 8-10 pounds pull per  inch of width when 
pulled in  the shear  directioc.  In 
the cel l  the cemented a r e a  WE;; hc hvice t h e  t e s t  a r e a  above and calculations 
show this strength will suffece. 

The assembly was successfully heat 

S,:?. a !ow bond strength i s  not desirable .  

Epoxy to Inconel bonds a r e  -*ow k L  L v g  6 valuated. Initial t es t s  show a r e -  
duction in  bond strength from 6Qa ps % 200  psi tensile shear  during heat 
s ter i l izat ion of double lap t c  s t  s p -  21 6 ? s o  Again, this average s t rength 
a l l  around the f r ame  will be adeqiLate, pz-cv/lded shock forces  a r e  distributed 
uniformly around the ent i re  f rame,  and provided the expansion coefficient 

break the bond during sterilizatlor., 

difference (Inconel 600, 9 x 10' 6 /OF; P P O  531-801, 29 x 10-6 /"F)  does not 

After  the 3 / 4  f rame design has been p-oven feasible to meet  both heat s t e r i l i -  
zation and high impact,  a prsductEo_.r cell  design with molded par t s  will be 
t e  s ted. 

ESB has reviewed the recer t  bt;t ra t - re  on boron fi lament-metal  composites 
and obtained samples of Ag-tuozo~ csmposj tes  f rom General Technologies 
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Corporation, Reston, Virginia. Strengths of the o r d e r  of Inconel, the con- 
ductivity of silver, and the chemical compatibility of Ag in  both positive and 
negative plates appear to  be available. This mater ia l  is a n  expensive back- 
up to the Inconel 600 plate support designs and will be investigated fur ther .  

a 
11. HEAT STERILIZABLE-HIGH IMPACT 5.0 AH CELLS 

A. Objectives 

In this task ESB i s  required to develop a 5. 0 AH ce l l  capable of wet sealed 
heat steri l ization f o r  120 hours a t  125°C and af ter  charge a simulated land- 
ing i.mpact of 2800 - t 200 "g" f r o m  113 - + 2 f t .  / s e c .  

B. Engineering Models 

Cell design, the ESB Model 344, has  been descr ibed previously ( l ) .  
the t ime required to obtain molded cel l  c a s e  pa r t s  th ree  cel l  packs were  
assembled,  sealed in  fabricated j a r s ,  charged and shock tested with - no p r io r  
heat steri l ization. Shock directions,  impact velocities, stopping dis tances ,  
and peak "g" levels a r e  given in  Table XVII. 
on each ce l l  before and af ter  shock a s  a m e a s u r e  of shock damage. 
shows up to 180 m v  drop  a t  20 amps  for  SY and t X  axis and 260 m v  drop  a t  
20 amps fo r  the -Y axis. 
measured  by a two s tep discharge at 5 amps  then 1 amp, decreased  36.270. 
Capacity loss  was g rea t e s t  in  the -Y axis ,  confirming the voltage drop tes t .  
The cel l  shocked in the X axis shorted on the charge af ter  shock. Dissection 
showed the failure mode was buckling of the weaker s i lver  s t ru ts  supporting 
the negative plates with some twisting of the t i tanium positive toward the 
buckled negatives. Table XVIII gives discharge capacit ies of the three  ce l l s  
before shock and the two surviving cel ls  af ter  shock. 
af ter  shock cell capacit ies recovered the 36% loss  and exceeded the p re -  
shock capacity by 8%. 
between negative active ma te r i a l  and the negative gr id  recovered by charge.  
The surviving cel ls  completed eleven cycles  before end of life. 
ment verified the desirable  stiffness factor and tensile s t rength of titanium 
(for non-sterile ce l l s )  and s t r e s sed  the need for  reinforcement against  
buckling of si lver plate supports.  

During 

Loaded voltages were  measured  
Figure  1 

Discharge capacit ies immediately a f te r  shock, 

On the f irst  recharge 

Capacity losses  a r e  attr ibuted to loss  of contact 

This experi-  

C. Prototype C-SAD Cells: Heat Steril ization, Cycling, and Shock 
Tests 

Prototype Model 344 cel ls ,  incorporating a l l  s i lver  sheet  plate supports and 
molded P P O  531-801 ce l l  ca ses ,  subcovers,  and ce l l  covers ,  were  next 
developed for  heat s ter i l izat ion and shock t e s t s .  Cell sealing techniques 
(1) Inter im Su.mmary Report, J P L  Contract 951296, Per iod 

September 24, 1965 to  September 30, 1967, Task VIII, page 175. 
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TABLE XVH 

SHOCK DATA FOR MODEL 3481- TEST CELLS 

A v e r a g e  

L o a d  

2890 

2890 

2840 

l1 g " 
L0a.d 

S/N 5 

S/N 3 



TABLE XVIIX 

T e s t  
His tory 

Formation 
Disc ha rge  

EFFECT OF 2 S O O  "G" IMFACT ON CAPACITY 
I N  5 AH SEAL"ED NON STERILE CELLS 

C y c l e  'Discharge Mean 
No Capaci ty  Capacity 

AH AH 

1 6.13,6.40,6.66 6.40 

F i r s t  C y c l e  2 

Shock Af ter  
F u l l  Charge 

4.61,Q. 8U,Se 08 4.84 

Discharge Af t e r  Shock 3 2.68,3.20,3.39 3.09 

Recharge, Then 
Discharge Second Cycle 4 4.93,5.60 5.27 
After Shock 

Recharge, Then 5 4.41,5.17 4.79 
Discharge Third Cycle 
After Shock 

Loss 
From 
Shock, 74 

0 

-36.2 

+8.2 

-1.0 
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and the ce l l  cover design were  verified by burs t  t e s t s  of four sealed c a s e s  
using hydrostatic p re s su res .  
160, 160, and 170 psig: i. e. 160 - + 24 psig X + 3 s .  
without the overlapping top cover burs t  a t  60 psig which demonstrated the 
value of the cap design to improve sea l  strength.  

P r e s s u r e s  a t  - burst  unsupported were  150, 
Two assembl ies  tested 

D. Heat Steril ization 

Eleven cel ls  were  assembled,  sealed,  and heat s ter i l ized sealed for 120 
hours a t  125°C. 
faces  jus t  to the actual  cel l  thickness dimension. Copper tubing space r s  
over the clamp through bolts prevented excessive clamping p res su re .  The 
cel ls  were  then overpotted with RTV-11 silicone rubber  to prevent oxidation 
(darkening) of the P P O  531-801 container during s ter i l izat ion in a i r .  Under 
these conditions a l l  cel ls  passed the heat steri l ization tes t  with no electro-  
lyte leakage. 

Each  cel l  was clamped in  1/8"  sheet  s tee l  along its broad 

E .  Elec t r ica l  Cycling and Impedance Tes ts  

A. C. impedance t e s t s  of a l l  cel ls ,  made with a Keithley Model 502 mil l i -  
ohmmeter ,  showed internal  impedance variation f r o m  230 to  560 mohm 
before heat steri l ization and 35 to 71 mohm af te r  heat steri l ization. After 
charge the impedance range was 11 to 22 mohm. 
a . c .  impedances measu red  during cycle 1 and 2. 
was divided into two groups by a . c .  impedance: Group I was closely matched 
in the range 460 to 560 mohm; Group I1 was closely matched i n  the range 230 
to 300 mohm with one outlier a t  540 mohm. 
s e r i e s  a t  a constant potential of 1. 38 volts p e r  ce l l  to convert  all the negative 
additive quantitatively before forming zinc metal .  

Table XIX summar izes  
F o r  charge the sample 

0 
Each group was charged in  

One cel l  i n  each group became a low voltage outlier and the other cel ls  ro se  
in voltage to the 1.46 - 1.47 volt range. 
placed on a separate  charger .  
the C P  portion of formation. 
pre-heat  steri l ization impedances 
cur ren t  portion of charge to  a tes t  end voltage of 2. 02 volts pe r  cell .  Table 
XX summar izes  charge and discharge capacit ies a f te r  heat s ter i l izat ion 
with plateau, peak voltages and calculated efficiencies.  Figure 2 shows 
the dras t ic  loss of capacity f r o m  heat s ter i l izat ion of the hermetical ly  
sealed ce l l s  when compared to the control ce l l s .  Cells surviving shock 
and heat steri l ization approach the capacity of control  ce l l s  by the 8-10th 
cycle. The effect of shock in  the t Y ,  -Y, and -X axis  in  the range 2400 
to  3100 "g" is given in Table XXI. The mean effect of shock over a l l  axis 
and "g" levels on discharge capacity VS.  no shock ce l l s  obtained f r o m  the 
data of Table XX may be summarized.  

Each  outlier was removed and 
All ce l l s  then charged successfully through 

Neither outl ier could have been predicted by 
All ce l l s  then completed the constant 
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TABLE XLX 
EFFECT OF HEAT STERILIZATION AND CYCLING ON A.C. 

IMPEDANCE OF 5,OAH SEALED CELLS 

Tes t  Time 

1. Before HS 

2.  After  HS 

3. Af te r  formation charge 

4. Before discharge 1 . 

5 .  After  discharge 1 

6 .  Before charge 2 

7 .  Af te r  charge 2 

Leasured Impedance b! 
:ha: re GrouD I 

11 
i60 

46 

18 

20 

- 

20 

20 

18  - 

46 

14 

18  

16 

1 6  

1 3  
- 

?da 
13 

500 

46 

1 6  

20 

22 

22 

1 2  

- 
- 

- 

le 
14  

+6 0 

7 1  

15 

18 

1 9  

1 9  

20 

- 
- 

- 

is  - -- 
t6 0 

52 

11 

20 

22 

22  

1 6  - 

S e r i a l  Number, mhms 
Charge Group I1 

- 
7 

250 

35 

1 6  

16  

22 

22  

15 

- 

- 

Low Irnpe-ds- 
8 

240 
43 

22 

22 

23 

23 

21 - 

9 
G 

43 

20 

20 

23 

23 

26 - 

36 

15 

15 

21 

21 

15 - 

2 
_I 

15 
j40 

44 

16 

16 

25 

25 

13 - 

- 
- 
17 
fi 

42 

15 

15 

17 

17 

14 - 

ilea n 
! J = l l  
39 8 

46 

16 

18  

2 1  

2 1  

1 7  

_c_ 

--. 
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TABLE XX 

OPERAFING CAPACITIES AND VOLTAGES AFTER HEAT STERILIZATION 
120 HQJRS AT 1ZS"C 

MODEL 34'C 5 e 0 AH CELLS a 

@IO. 7A 
T o t a l  AH 

0. Net Inpu t ,  AH 
due t o  
dshock 

1. 3 r d  Cycle Input ,  I/ - . I  

AH 

Total :  AH 

@3.3A 
@O. 7A 
Tota l :  AH 

7. 6 t h  Cycle Output 

8. L i f e  a t  Short :  d l . 0  
1) Formation discha+ge: 5 

;roup 
1 2  

7.71 

67 

4.05 
0 .41  
4.46 

54- 

1 .46 
1.52 

5.36 
1 2  0 
8,61 

4.49 
0 .54  
5.03 
3.58 

CI 

5.07 

1 0 1  
8.65 

3-30 
0.07 
3.37 

4.62 
0.24 

4.86 

4.95 
0.25 

5 . 2 0  

a t  
JPL 

c__ 

ak* 

_L_ 

II 

- 
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0 . 3 4  
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1 0 1  
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5.60 
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5.85 

II_ 

- 
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___I 

1.8 - 

Mean 
n = 1: 

7; 02 

6 1  

3.60 
0.65 
4.25 
65 

1.44 
.1* 53 

4.55 
109 
7.39 

n = 9  

4.40 
3.01 

4.42 

B 

I 
I 

0 
, 2 j  All o t h e r  discharges:  3.3A t o  1 . 3 0 V ,  then  0.7A t o  1.3OV. 
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TABLE XX 

OPERATING CAPACITIES AND VOLTAGES AFTER HEAT STERILIZATION 
1 2 0  HOURS AT 1 2 5 ° C  

MODEL 344 5 . 0  AH CELLS 
(Continued) 

( 3 )  2800 "g" impact a t  J P L  on c e l l s  S/N 7 ,  LO,  11, 1 2 ,  14, 1 7 .  

(4) Output/Input X 100. 

(5) Net Input  = a l l  i npu t s  less all outputs .  

(**) Discharge cyc les  preceded by JPL pu l se  t e s t  of 5 second cu r ren t s  of 
?, 5 ,  1 0 ,  2 0 ,  30, and 40 amps p l u s  5 amps f o r  2 minutes. 

-41 - 



9-1 

FIGURE 2 

C A P A C I T Y  L O S S  FROM WET HEAT STERILIZATION 
ANI) H I G H  IMPACT I N  5 AH C E L L S  

- High-Impact, Nun-Sterile C e l l s  

I T 
.- S t e r i l i z e d  Ce l l s  

8 (125°C f o r  120 H r s . )  

C 

k 
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1 3  1 3  
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t t '  

- 
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-~ 4 4 2 C e l l s  S h o r t e d  

1 3  Due t o  Shock 
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Sample 
Tes t  Condition la 

N o  Shock 5 

Shock 6 

Shocked Cells 
After Recharge 3 

Shock Loss 
7 0  

Discharge Capacity, AH 
l_l 3; 3A 0.7A Total Range 

3 ,95  0.38 4 , 3 3  1.38 

2.75 0 .30  3 .  05 1 .55  

4 - 1 4  0 ,  24 4.38 1.27 

-30 - 27 -30 

P o s t  shock examination of the six shocked ce l l s  revealed no damage to any 
ce l l  container o r  epoxy seal .  
showed that the plate s t ru ts  o€ cel ls  brrckled severely a t  3 ,  050 "g" in the 
te rmina ls  forward direction, but only slightly a t  the sma l l e r  2410 "g" level. 
A conclusion can  thus b e  reached that &e Model 344 ce l l s ,  a s  present ly  
manufactured, can  survive 2000-2400 " g "  shock in the te rmina ls  forward 
direction, but plate s t ru t s  must  bc stiffened by replacement  of the s i lver  
sheet  with Inconel, o r  with Ag-boron co,mposite s t ruc tures  before  a 2800 
t 200 "g" shock can  be overcome reEl-ahPy. 

X-rays of the ce l l s  before and af ter  shock 

- 

F. Redesigned Prototype C-SAD __-_1 Cel1.s 

Prototype cells have been redesigned in the following a r e a s :  

- Increase in eiectrolyke pe r  ce l l  to eliminate d ry  condition 
observed on dissect'.on of engineering cel ls .  

P Reinforcement of plate s t ru t s  with polysulfone shims to 
prevent bucklilrrg d.wring shock in the te rmina ls  forward 
direction. 

- Addition of DEN438-EK85/DMP-30 epoxy to depth of 
0. 0601 '  in bottom of jar to  cement  ce l l  pack to bottom 
of j a r ,  

Four  samples of lot P-116 RAI membrane  and lot  120 SWRI-GX membrane 
w e r e  tested f o r  40% KOH electrolyte absorption during heat  s ter i l izat ion to 
ver i fy  this proposed meshanism i3r electrolyte  level change. 
unit electrolyte absorption increases  9. 4yo f o r  RBI-1 16 and 21% fQr SWRI- 
GX material .  
would b e  expected by this phep,cmena fyom a total  electrolyte volume of 
19.5 ce. 
cemented into the P P O  j a r s  to permi t  a VlsuaP observation of electrolyte 
level. 

Table XXII 

F o r  the Model 344 cell a reduction of 2. 9 cc  electrolyte 

TWO ce l l s  were  fabricated with c l ea r  polysulfone windows 

In this way a final electrolyte volume p e r  cel l  of 22. 0 cc was found 
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rn g i v e  a l e ~ e l  just  above tk-e plaw tops befo--e steri l ization and just  helow 
a f t e r  steralization. 
1_1- 

A second mechanism for  e l e c t r c l y k  level change is water  loss  through the 
P P O  531-801 case .  
with 23. 5 cc 40% KOH in each cel l ,  Each  was supported by l / 8 "  s tee l  
plates across  their  broad s ides  heneath the sea l  a r e a .  
o-Jerpotted with RTV-11 silicone rbbber to the base of the top cover to 
simulate encapsulation in a chass i s .  
window to  permit  visual observation of electrolyte levels e 

hours heat steri l ization a t  135°C no leaks were  observed. 
a r e  given in Table XXIII w i th  calculated loss  r a t e s  and concentration changes.  
This mechanism thus accounts for 1. 0 - 1. 5 cc  additional water  l o s s  during 
1 2 0  hours a t  135"C, or a total  loss  a l l  causes  of 3 . 9  - 4.4 cc.  

Four  Model 344  cell ca ses  were  sealed pe r  drawing 

Two cases  were  

O_re cel l  c a s e  contained a polysulfone 
During 120- 124 
Weight l o s ses  

N i ~ e  cells a r e  now being assembled fo r  shock t e s t s  a t  JPL. 
contain s t rut  rejnf'orcements and the epoxy pack hold down. 
controls identical to the Engineering model ce l l s  except for  polysulfone 
windows in  the cell.  
electrolyte weights of 31. 0 - 3 2 .  3 g m  ( 2 1 . 6  - 22. 5 cc)  for  the controls 
and 27.6 - 28.5 g m  (19.2 - 19.8 ce)  for  the prototype ce l l s .  
ence in  weight is t raceable  to  the Power f r e e  v o l u m e  i n  the prototype ce l l s  
occupied by the epoxy hold down. 
justed to be just above plate tops -- before heat steri l ization. 

Seven will 
Two will be 

Weight analyses o€ the eleven cel ls  a t  sea l  show 

The differ-  

In a l l  cel ls  electrolyte level  was ad- 

Heat steri l ization and shock tes t s  cri the prototype cel ls  a r e  scheduled 
f o r  the coming quar te r .  

G. Prodiiction Cells 
-I__ 

J P L  released E S B  to  ma:1ufactc,gie 40  Mcdel 344 ce l l s ,  identical to  thc- 
Eggineering models except far  the amount and type of electrolyte.  This 
lot  of cel ls  was activated with 22. 0 ec of 40% KOH with 91 g / L  ZnO, 
allowing 0.75 c c  per  cel l  for  water . " c s s ,  sealed,  and shipped to JPL on 
11 January 1968 a s  sys tem t e s t  cel ls .  

The only production problem encountered was alignment of the pinned 
plate s t ru t s  in  the sribcoveP sea l ,  
the holes 20 mils in  the t X shock axis.  

This problem was solved by elongating 

- 

Tests  a t  J P L  will include heat s t e r i l i z a t ~ o n  af ter  assembly  a s  a 12-cell 
battery, formation chaPgF- and discharge,  preflight cycling, and a drop  
t e s t  in the C-SAD spacecraf t .  

- 111. DEVELOPMENT O F  HEAT STEKIIJIZABLIE HIGH IMPACT _I___- 5 AND --------- 
25 AH BATTERIES 

A .  Objective 

In this 18 month program ESB 1s reqcl-ed to  design, develop experimental  
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cel ls ,  a dummy battery, a p re to t -~pe  battery, and manufacture four 24 
volt qualification batteries of two s izes  to meet  the performance requi re -  
ments  of J P L  Spec ifizatfor- GMP-50437-DSN-C:. 
and performance objectives a r e :  

The more  difficult design 

P Landing impact  cf 2800 - + 200 "g" f r o m  115 - t 2 f t / s e c .  

- Heat s9;eriPizatir;n 120 hours  a t  135" C. 

- Power octpxt of 300 W after  nine months in space.  

- Energy density of 2 5  WH/lb a t  two capacit ies:  
128 WH, 5 AH battery a d  600 WH, 25 AH battery.  

Bo Summary of Work to  Date 
XL - 

The 5.0 AH cell  being developed for  the C-SAD spacecraf t  will become 
the ce l l  for  the 120 WH battery of thl.s t ask  and the 25. 0 AH cel l  ( 3 / 4  
f ramed plates) developed under Seetiori I. 
AH Cells will become the cel l  for the 600 WH battery. 
loss  during heat steri l ization, now observed on the 5. 0 AH high impact  
design, i s  attributed to: 

Fabrication and Testing of 25 
A 23-5970 capacity 

- Chemical deter Eoratior- at 135" C of EM-476 poly- 
propylene abs or beys ., 

- Volatiles f r o m  epoxies o r  P P O  531-801. 

- Excessive absorption of electrolyte by GX membrane.  

Non-impact five a m p e r e - h o u  S,ZL cells a r e  now being constructed i n  the 
variations:  w i t h  and withotlt EM-476 re ta iner ,  two pr imary  epoxy sealants  
with minimum exposure to electroiyt,e, DEN438-EK85/DMP-30 epoxy 
sealant  exposed in 0, 1 .6 ,  3 - 2 ,  a d  4 ,  3 in2 per  cell ,  two other epoxies 
exposed at 3 . 2  in2 a r e a  level, and two membranes  (SWRJ-GX and €?.AI-1 16).  

Design of batteries has begun. 
being evaluated in s t ress  and w e i g h t  analysis.  
be cormected in  se r i e s  to  f o r m  +hi 18 ceil  5 AH o r  25 AH 24 volt bat ter ies .  
Size and weight es t imates  a r e  prelimksary but a r e  based on existing per -  
formance and will imprcue a s  eapzcity lo s ses  in  heat s ter i l izat ion and 
af ter  shock a r e  co r r t e t ed .  F'kangc moijnting a t  top and bottom of bat tery 
will pe rmi t  between deck insta"at,ioii. All  exposed intercel l  connections 
will be potted over with a si'P:cc11c O F  epoxy sealant.  
of expansion will he matched as G hss;cly a s  possible in this selection. 

Frgdre .3 presents  a typical chass i s  now 
Two such 9-cell units would 

Thermal  coefficients 
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-4. Objectives 

This 30 nronth development p r o g r a m  requi res  design, tes t ,  and manufacture 
of foar qualification 18-cell  1200 watt-hour bat ter ies  pe r  J P L  Specification 
GMP-50436-DSN-B and capable of 

- Cycle life cf 403 50% depth cycles af ter  heat steri l ization, 
nine mor2thhs of interplanetary t ravel ,  and a soft landing 
on Mars .  

B. Summary of W o r k  t o  Date n_ 

ESB has developed a P P O  531-801 case  and epoxy sea l  for a 25 AH heat 
s ter i l izable  non-high impact cel l ,  TWQ c o ~ t r 0 1  ce l l  packs for  initial t e s t s  
were  sealed i n  this j a r o  heat steralized 120 hours at 125"C, and then d is -  
charged at rates f r o m  the 0 . 2  C ra te  t o  the E .  0 C ra te  through eight cycles .  
F igure  4 compares drscharge capacit ies of a Model 345 heat s tepi l izedcel l  
and a non-heat s ter i l ized cell .  
was observed. 
s imi l a r  cell  af ter  HS. 
investigated beginning in  the next quar te r .  
tiated with R. J. Hader and Arnold €Is E. Grandage of the School of 
Experimental  Statist ics,  North Carclina State University for  consulting 
serv ices  in design of experiments and s ta t is t ical  interpretat ion of the data.  

No  capacity lo s s  f r o m  heat s ter i l izat ion 
Figure 5 shows discharge curves at varying r a t e s  for  a 

Table XXIV outlines the design pa rame te r s  t o  be 
A subcontract has  been nego- 

Eight cycling c i rcu i t s  have been assembled.  
for  cycling at 
depth (12.5 AH) 3 hr. D /9  hr C .  

lnit ial  ce l l  t e s t s  a r e  scheduled 
depth ( 2 5  AH rated capacity) 3 hr D/21 hr .  C /  then 5070 

V. DEVELOPMENTOF HEAT STERILIZABLE 200 llGrl IMPACT 2800 WH 
BATTERY 
--..-a- 

A. Objectives _. 

In this 12 month p rogram ESB will design, tes t ,  and then manufacture four 
heat sterl l izable 24 volt 8 0  AH qunalnticatioin bat ter ies  meeting thc 1 equire-  
rnents of J P L  Specificatiol  GMP-  50607-~SN f o r  del ivery in Septemher 1968. 

B. Work to  Date --_ 

Cell design is complete. 
by the Engineering Pilot  Plant. 
Table XXV sammar izes  the estimated performance.  
been molded successfully ~ _ r ,  PPO 534-801 
case  with epoxies a r e  being e v a l ~ a t e d  f o r  fa i lure  mode and burst  p re s su res .  
To eliminate any possible deg rada:;cfi during heat  s ter i l izat ion no 

Tcs: ; e l l s  have been re leased  to be manufactured 
Figlure 5 is a schematic view of the cell.  

The ce l l  ca ses  have 
Machined covers  sealed to  the 
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FIGURE 5 

2 . 0  

1 . 8  

n 
(0 
CI 
d 
0 

2 1.6 
a, 
bn 
(d 
w 
rl 
0 > 
:: 1 . 4  
a, 
0 

1 . 2  

1 . 0  

EFFECT OF DISCHARGE RATE ON PERFORMANCE 
OF 2 5  AH STERILE,  SEALED CELL 

(HEAT STERILIZED 1 2 0  HOURS AT 1 2 5 ° C )  

I \ \ \  \ 5. OA 

/ 

I I I I I I 

Capaci ty  
c = 2 5  AH 

- 5 2 -  



TABLE XXIV 

EXPERIMENTAL HSS48 CELL TEST VARIABLES 

NEGATIVE PLATE 

BINDER - TEFLONATED, % USED 

DENSITY - 

ADDITIVE - ESB CPD 323.43 ,  % USED 

POSITIVE PLATE - DENSITY 

NO. LAYERS SWRI-GX MEMBRANE 

MEMBRANE WRAP - POS. OR NEG. 

ABSORBER - TYPE & LOCATION 

ELECTROLYTE 

. CONCENTRATION 

- o ADDITIVES 

e VOLUME (LEVEL) 

CELL PACK 

0 RATIO - ZnO/Ag 

0 PACK TIGHTNESS 

PLATE S I Z E  
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TABLE XXV 

a 
C e l l  Component 
o r  C h a r a c t e r i s t i c  

WEIGHT ANALYSIS AND ESTIMATED OUTPUT 

ESB MODEL 364 
80 AH HEAT STERILIZABLE 200 "G" IMPACT CELL 

1. A c t i v e  P l a t e  Materials 
P o s i t i v e  
Negat ive 

M a t e r i a l  Weight 
(gm) 

Ag 
ZnO Mix 

286 
204 

2 .  P l a t e  S t r u c t u r e  Ag 168 

3 .  S e p a r a t o r  Membranes, 6L SWRI-GX 39 

4. C e l l  Case & Cover PPO 534-801 165 

5. Epoxy S e a l a n t  2 6  

6. E l e c t r o l y t e  38% KOH S a t .  ZnO 235 

7. Hardware, Misc. 55 

T o t a l :  

0 8. Average Voltage a t  C/4 Rate ,  V o l t s  

1178 (2 .6  I b )  

1 , 3 9  

9. Capac i ty  a t  C/4 R a t e ,  AH 80 

10. Energy Output a t  C/4 Rate ,  WH 111 

11. Energy Dens i ty ,  WWlb 

1 2 .  Dimensions : L ( o v e r a l l )  
(Inches) W 

H 

13. Volume: i n 3  

43 

1 . 8  
4.0 
5.5 

39.6 

. .  , .. I . .  . I . -  . . .  . 
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polypropylene negative plate re ta iner  o r  positive plate absorber  will be  
used. The separator sys t em will be simply s ix  l aye r s  of SWRI-GXmembrane. 

Bat tery chassis design to support the cel ls  for  the 200 "g" impact  and heat 
s ter i l izat ion cell  p r e s s u r e s  has been completed and re leased  to procure-  
ment.  Cell encapsulants and sh ims  to support the ce l l  ca ses  for  heat 
s ter i l izat ion a r e  now being evaluated. 
used to pot a s e t  of dummy cel ls  (sealed cases  containing electrolyte) 
into the prototype chass i s  in Apri l  to evaluate ce l l  sea ls  through the 
destruct ive forces of heat steri l ization and 200 "g" impact  tes t s .  
type cell  and battery design will be  re leased  in  la te  Apr i l  for  manufacture 
in May and testing i n  June and July. 

Final mater ia l s  selected will be 

Pro to-  

P r e s e n t  estimates give battery weight of 60  pounds and overal l  dimensions 
including flanges: 

H, in. 6. 0 

W, in. 8 . 0  

L, in.. 19.0 

Volume, in3 912  

At  a projected energy output of 2000 WH after  heat s ter i l izat ion energy 
densit ies a r e  estimated to be 35 .0  WH/lb. and 2 . 2  WH/in3. The J P L  
requi rement  is 35 WH/lb. in  the voltage range 22. 5 to 3 3 .  5 volts at a 
power output of 500  watts. 
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APPENDIX I 
SEPARATOR QUALITY ASSURANCE TESTS 

In supporting quality assurance  tes ts ,  ESB has evaluated the physical 
propert ies  of 10 lots of Southwest Research Institute GX membrane and 
1 3  lots of Radiation Application RAI-116 membrane.  Table XXVI gives 
the mean and t 3 sigma range f o r  each of the six t e s t  variables.  SWRI- 
GX membrane is in  every  case less  variable.  

- 
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CONCLUSIONS 

1. A low cu r ren t  pre-formation charge of about 0.55 ma per  
square  inch ca r r i ed  out over a period of 28 to 33 hours p r io r  to s tar t ing 
normal  formatipn ha4 proven successful in virtually eliminating p res  su re  
build-up previously encountered. 

2. Discharging about 2070 of the capacity at the end of any normal  
charge and re-charging r a i se s  the subsequent discharge capacity about 15% 
above that obtained by a normal charging method. 

3 .  However, even the application of the technique described in  2. 
above is not sufficient t o  offset the loss i n  capacity which is observed 
af te r  s ter i l izat ion of a sealed cell. At present  it is believed that this 
capacity lo s s  is principally associated with degradation products of one 
o r  more  of the organic components of the sys tem.  

4. Sealed high impact  5 A H  cel ls  have been developed and a r e  now 
capable of surviving impact in  all  axes in  the range 2,000 - 2,400 "g". 
DeGrease in  discharge capacity may be as high as 30% on discharge after 
shock but is 100% recoverable on next cycle. 

5 .  Heat steri l ization of sealed 5 AH cel l  for 120 h r s  at 125°C 
gives a capacity loss in the range 23-597'. 
output are decreased.  

Charge input and discharge 

6 ,  S t r e s s  analysis shows that l a r g e r  25 AH cel l  will require  special  
plate supports to survive 2800 200 "g" shock. 

FUTURE WORK 

1. Efforts will  be continued to discover which components (case  
mater ia l ,  adhesive, absorber ,  o r  separa tor )  contribute to capacity loss  
a f t e r  s ter i l izat ion of sealed cells. 

2. New 5 AH cel l  designs ca l l  for substitution of SWRI-GX for  

Thqse cel ls  will a l so  contain more  rigid metals  such as 
EM-476 absorber  and retainer  i n  a n  attempt to avoid capacity lo s s  af ter  
steri l ization. 
Inconel instead of si lver  sheet plate re inforcements  so that the required 
2600 - 3090 "g" shock resistance can be achieved, 

3. The next design for the high impact  25 AH cel l  will use Inconel 
plate reinforcement f ramed on both s ides  and the bottom with P P O  s t r u t s  
cemented in  place with epoxy. I t  is expected that this  construction, 
assembled into a rigid s tack wil l  withstand the 2800 - f 200 "g" shack, 
though at a sacr i f ice  of energy density. 
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